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Abstract
We study CP violations in the Bs → K+K− and Bs → K0K0 decays in order to find the
contribution of the supersymmetry, which comes from the gluino-squark mediated flavor
changing current. We obtain the allowed region of the squark flavor mixing parameters by
putting the experimental data, the mass difference ∆MBs , the CP violating phase φs in
Bs → J/ψφ decay and the b→ sγ branching ratio. In addition to these data, we take into
account the constraint from the asymmetry of B0 → K+pi− because the Bs → K+K−
decay is related with the B0 → K+pi− decay by replacing the spectator s with d. Under
these constraints, we predict the magnitudes of the CP violation in the Bs → K+K− and
Bs → K0K0 decays. The predicted region of the CP violation CK+K− is strongly cut from
the direct CP violation of B¯0 → K−pi+, therefore, the deviation from the SM prediction
of CK+K− is not found. On the other hand, the CP violation SK+K− is possibly deviated
from the SM prediction considerably, in the region of 0.1 ∼ 0.5. Since the standard model
predictions of CK0K¯0 and SK0K¯0 are very small, the squark contribution can be detectable
in CK0K¯0 and SK0K¯0 . These magnitudes are expected in the region CK0K¯0 = −0.06 ∼ 0.06
and SK0K¯0 = −0.5 ∼ 0.3. More precise data of these CP violations provide us a crucial
test for the gluino-squark mediated flavor changing current.
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1 Introduction
Recently, there have been a lot of studies to search for new physics in the low energy flavor
physics such as Bs decays. Actually, the LHCb collaboration has reported new data of the
CP violations of the Bs meson and the branching ratios of rare Bs decays [1]-[12]. For many
years, the CP violations in the K and B0 mesons have been successfully understood within
the framework of the standard model (SM), so called Kobayashi-Maskawa (KM) model [13],
where the source of the CP violation is the KM phase in the quark sector with three families.
However, the new physics has been expected to be indirectly discovered in the flavor changing
neutral current (FCNC) of the B0 and Bs decays at the LHCb experiment and the further
coming experiment Belle II.
The LHCb collaboration presented the data of the time dependent CP asymmetry in
the non-leptonic Bs → J/ψφ decay [4, 11, 12], which is consistent with the SM prediction.
Therefore, this observed value gives us a strong constraint of the new physics contribution to
the b→ s transition. In addition to this result, the first measurement of time-dependent CP
violation in Bs → K+K− decay has been reported at LHCb [14]. Some authors discussed
this process and the Bs → K0K0 one in order to search for new physics [15]-[20], because
the penguin amplitudes dominate these decays. Especially, the SM prediction of the CP
violation of the Bs → K0K0 decay is very small, and so, the new physics contribution can
be detectable in the time dependent CP asymmetry.
On the other hands, it is noticed that the Bs → K+K− decay is related with the B0 →
K+π− decay by replacing the spectator s with d. Thus, the B0 → K+π− decay associates
with the processes of Bs → K+K− and Bs → K0K0 in order to search for the new physics
in the b → s penguin process. It is found that the recent experimental data of the direct
CP violation in B0 → K+π− decay is well agreement with the SM prediction with the QCD
factorization calculation [21, 22]. This process depends on the form factor F (B → K) and
the chiral enhancement factor (2M2K/mbms) in the framework of the QCD factorization. The
amplitudes of Bs → K+K− and Bs → K0K0 decays also involve the common form factor
and chiral enhancement factor under neglecting the difference of masses of the B0 and Bs
mesons.
As the new physics, we examine the sensitivity of the effect of the supersymmetry (SUSY)
in the CP violation of these Bs decays. Although the SUSY is one of the most attractive
candidates for the new physics, the SUSY signals have not been observed yet. Since the lower
bounds of the superparticle masses increase gradually, the squark and the gluino masses are
supposed to be at the TeV scale [23]. While, there are new sources of the CP violation in the
low energy flavor physics if the SM is extended to the SUSY model. The soft squark mass ma-
trices contain the CP-violating phases, which contribute to the FCNC with the CP violation.
Therefore, one expects the effect of the SUSY contribution in the CP-violating phenomena of
the Bs meson decays. We study the gluino-squark mediated flavor changing process, which
is the most important process of the SUSY contribution for the b→ s transition [24]- [37].
The gluino mass is expected to be larger than 1.3 TeV, and the squarks of the first
and second families are also heavier than 1.4 TeV [23]. Therefore, we take the split-family
scenario, in which the first and second family squarks are very heavy, O(10 − 100) TeV,
while the third family squark masses are at O(1) TeV. Then, the s→ d transition mediated
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by the first and second family squarks is suppressed by their heavy masses, and competing
process is mediated by the second order contribution of the third family squark. In order to
estimate the gluino-squark mediated FCNC for the Bs meson decays, we work in the basis
of the squark mass eigenstate. Then, the 6 × 6 mixing matrix among down-squarks and
down-quarks is discussed by input of the experimental constraints.
In section 2, we present the formulation of the CP violation of the B0 and Bs decays in
the QCD factorization. In section 3, we present the setup in our split-family scenario. In
section 4, we discuss the sensitivity of the gluino-squark mediated FCNC to the CP violation
of the B0 → K+π−, Bs → K+K− and, Bs → K0K0 decays. Section 5 is devoted to the
summary. Relevant formulations are presented in appendices A, B, and C.
2 CP violation of B decays in QCD factorization
In this section, we present the formulation of the CP violation in B0 → K+π−, Bs → K+K−,
and Bs → K0K0 decays within the framework of the QCD factorization [21, 22, 38, 39].
First, we begin with the effective Hamiltonian for the ∆B = 1 transition as
Heff =
4GF√
2
[∑
q′=u,c
Vq′bV
∗
q′q
∑
i=1,2
CiO
(q′)
i − VtbV ∗tq
∑
i=3−10,7γ,8G
(
CiOi + C˜iO˜i
)]
, (1)
where q = s, d. The local operators are given as
O
(q′)
1 = (q¯αγµPLq
′
β)(q¯
′
βγ
µPLbα), O
(q′)
2 = (q¯αγµPLq
′
α)(q¯
′
βγ
µPLbβ),
O3 = (q¯αγµPLbα)
∑
Q
(Q¯βγ
µPLQβ), O4 = (q¯αγµPLbβ)
∑
Q
(Q¯βγ
µPLQα),
O5 = (q¯αγµPLbα)
∑
Q
(Q¯βγ
µPRQβ), O6 = (q¯αγµPLbβ)
∑
Q
(Q¯βγ
µPRQα),
O7 =
3
2
(q¯αγµPLbα)
∑
Q
(eQQ¯βγ
µPRQβ), O8 =
3
2
(q¯αγµPLbβ)
∑
Q
(eQQ¯βγ
µPRQα),
O9 =
3
2
(q¯αγµPLbα)
∑
Q
(eQQ¯βγ
µPLQβ), O10 =
3
2
(q¯αγµPLbβ)
∑
Q
(eQQ¯βγ
µPLQα),
O7γ =
e
16π2
mbq¯ασ
µνPRbαFµν , O8G =
gs
16π2
mbq¯ασ
µνPRT
a
αβbβG
a
µν , (2)
where PR = (1 + γ5)/2, PL = (1 − γ5)/2, and α, β are color indices, and Q is taken to be
u, d, s, c quarks. Here, Ci’s and C˜i’s are the Wilson coefficients at the relevant mass scale,
and O˜i’s are the operators by replacing L(R) with R(L) in Oi. The C˜i’s are neglected in SM.
We use the value of Wilson coefficients at µ = mb as follows:
C1 = −0.185, C2 = 1.082, C3 = 0.014, C4 = −0.035,
C5 = 0.009, C6 = −0.041, C7 = −0.002/137, C8 = 0.054/137,
C9 = −1.292/137, C10 = −0.262/137, C8G = −0.143, (3)
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in the SM calculations [38].
The hard scattering amplitude is given for the relevant decay modes as follows:
Tp =4GF√
2
∑
p=u,c
V ∗pqVpb
[
ap1(q¯γµLu)⊗ (u¯γµLb) + ap2(u¯γµLu)⊗ (q¯γµLb) + ap3(q¯′γµLq′)⊗ (q¯γµLb)
+ ap4(q¯γµLq
′)⊗ (q¯γµLb) + ap5(q¯′γµRq′)⊗ (q¯γµLb) + ap6(−2)(q¯Rq′)⊗ (q¯′Lb)
+ ap7
3
2
eq′(q¯′γµRq′)⊗ (q¯γµLb) + (−2)(ap8
3
2
eq′ + a8a)(q¯Rq
′)⊗ (q¯′Lb)
+ ap9
3
2
eq′(q¯′γµLq′)⊗ (q¯γµLb) + (ap10
3
2
eq′ + a
p
10a)(q¯γµLq
′)⊗ (q¯′γµLb)
]
, (4)
where the symbol ⊗ denotes 〈M1M2|j2⊗j1|B〉 ≡ 〈M2|j2|0〉〈M1|j1|B〉. The effective api ’s which
contain next-to leading order (NLO) coefficients and O(αs) hard scattering corrections are
given as,
ac1,2 = 0, a
c
i = a
u
i (i = 3, 5, 7, 8, 9, 10, 8a, 10a), a
u
1 = C2 +
C1
N
+
αs
4π
CF
N
C1FM2,
au2 = C1 +
C2
N
+
αs
4π
CF
N
C2FM2, a
u
3 = C3 +
C4
N
+
αs
4π
CF
N
C4FM2 ,
ap4 = C4 +
C3
N
+
αs
4π
CF
N
[
C3
[
FM2 +GM2(sq) +GM2(sb)
]
+ C2GM2(sq)
+ (C4 + C6)
b∑
f=u
GM2(sf) + C8GGM2,g
]
,
au5 = C5 +
C6
N
+
αs
4π
CF
N
C6(−FM2 − 12),
ap6 = C6 +
C5
N
+
αs
4π
CF
N
[
C2G
′
M2(sp) + C3
[
G′M2(sq) +G
′
M2(sb)
]
+ (C4 + C6)
b∑
f=u
G′M2(sf) + C8GG
′
M2,g
]
,
au7 = C7 +
C8
N
+
αs
4π
CF
N
C8(−FM2 − 12), ap8 = C8 +
C7
N
,
ap8a =
αs
4π
CF
N
[
(C8 + C10)
b∑
f=u
3
2
efG
′
M2
(sf ) + C9
3
2
[eqG
′
M2
(sq) + ebG
′
M2
(sb)]
]
,
au9 = C9 +
C10
N
+
αs
4π
CF
N
C10FM2 , a
u
10 = C10 +
C9
N
+
αs
4π
CF
N
C9FM2 ,
ap10a =
αs
4π
CF
N
[
(C8 + C10)
b∑
f=u
3
2
efGM2(sf ) + C9
3
2
[eqGM2(sq) + ebGM2(sb)]
]
, (5)
where q = d, s q′ = u, d, s f = u, d, s, c, b and CF = (N2 − 1)/(2N) with the number of
colors N = 3. In Appendix A, we present the loop integral functions FM2 GM2,g , GM2(sq),
G′M2,g and G
′
M2
(sq), in which the internal quark mass enters as sf = m
2
f/m
2
b .
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In this work, Ci includes both SM contribution and squark-gluino one, such as Ci =
CSMi + C
g˜
i , where C
SM
i ’s are given in Ref. [40]. The Wilson coefficients of the gluino-squark
contribution C g˜7γ and C
g˜
8G are presented in Appendix B. We should also take account of the
SUSY contribution in C˜i’s(i = 3 − 10, 7γ, 8G), which are derived by replacing L(R) with
R(L) in Ci. Then, Ci’s are replaced with Ci − C˜i in Eq.(5) for the decays Bs → K+K− and
Bs → K0K0. The minus sign in front of C˜i is due to the parity of the final states.
By using these formula, we can write the decay amplitude for the B¯0 → K−π+, B¯s →
K+K− and B¯s → K0K0 decays, respectively, as follows:
A¯(B¯0 → K−π+) = GF√
2
ifpi(M
2
B0 −M2K)FB
0→K(0)(1− λ
2
2
)|Vcb|
(
RCKMe
−iγ[au1 + au4
+RK(a
u
6 + a
u
8 + a8a) + a
u
10 + a
u
10a
]
+
[
ac4 +RK(a
c
6 + a
c
8) + a
c
10 + a
c
10a]
)
, (6)
A¯(B¯s → K+K−) = GF√
2
ifK(M
2
Bs −M2K)FBs→K(0)(1−
λ2
2
)|Vcb|
(
RCKMe
−iγ[au1 + au4
+RK(a
u
6 + a
u
8 + a8a) + a
u
10 + a
u
10a
]
+
[
ac4 +RK(a
c
6 + a
c
8) + a
c
10 + a
c
10a]
)
, (7)
A¯(B¯s → K0K¯0) = GF√
2
ifK(M
2
Bs −M2K)FBs→K(0)(1−
λ2
2
)|Vcb|
(
RCKMe
−iγ[au4
+RK(a
u
6 + a
u
8 + a8a) + a
u
10 + a
u
10a
]
+
[
ac4 +RK(a
c
6 + a
c
8) + a
c
10 + a
c
10a]
)
, (8)
where
RCKM =
λ
1− λ2/2
∣∣∣∣VubVcb
∣∣∣∣ ,
and fpi(K), F
B0(Bs)→K(0) are decay constants and the form factors at q2 = 0, respectively.
The CKM matrix elements Vcb, Vud and Vus are chosen to be real and γ is the phase of V
∗
ub,
and we take λ = Vus = 0.22535 and RK = 2M
2
K/((ms +md¯)(mb −mq)).
Let us discuss the time dependent CP asymmetries of Bs decaying into the final state f ,
which are defined as [41]
Cf =
1− |λf |2
1 + |λf |2 , Sf =
2Imλf
1 + |λf |2 , (9)
where
λf =
q
p
ρ¯ ,
q
p
≃
√
Ms∗12
Ms12
, ρ¯ ≡ A¯(B¯s → f)
A(Bs → f) . (10)
In the Bs → J/ψφ decay, we write λJ/ψφ in terms of phase factors as follow:
λJ/ψφ ≡ e−iφs. (11)
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In the SM, the angle φs is given as φs = −2βs, in which βs is one angle of the unitarity
triangle for Bs. The SM predicts φs as [42]
φs = −0.0363± 0.0017 . (12)
The recent experimental data of this phase is [4, 43]
φs = 0.07± 0.09± 0.01 . (13)
This value constrains the magnitude of the new physics, which contributes toMs12 in Eq.(10).
For the gluino-squark contribution to Ms12, we present the formulation in Appendix C.
The time dependent CP asymmetries of Bs → K+K− and Bs → K0K¯0 are obtained by
calculating
λK+K− = e
−iφs A¯(B¯s → K+K−)
A(Bs → K+K−) , λK0K¯0 = e
−iφs A¯(B¯s → K0K¯0)
A(Bs → K0K¯0)
. (14)
The new physics contribution is often sensitive in the b→ sγ decay. The branching ratio
BR(b→ sγ) is given as [44]
BR(b→ sγ)
BR(b→ ceν¯e) =
|V ∗tsVtb|2
|Vcb|2
6α
πf(z)
(|C7γ(mb)|2 + |C˜7γ(mb)|2), (15)
where
f(z) = 1− 8z + 8z3 − z4 − 12z2lnz , z = m
2
c,pole
m2b,pole
. (16)
Here C7γ(mb) and C˜7γ(mb) include both contributions from the SM and the new physics.
The SM prediction including the next-to-next-to-leading order correction is given as [45]
BR(b→ sγ)(SM) = (3.15± 0.23)× 10−4, (17)
on the other hand, the experimental data is obtained as [46]
BR(b→ sγ)(exp) = (3.53± 0.24)× 10−4. (18)
By inputing this experimental value, the contribution of the gluino-squark mediated flavor
changing process, C7γ and C˜7γ, is constrained.
In addition to the CP violating processes with ∆B = 2, 1, the SUSY contribution is also
sensitive to the electric dipole moment [47], which is the the T violation of the flavor con-
serving process. The experimental upper bound of the electric dipole moment of the neutron
provides us the upper-bound of the chromo-EDM(cEDM) of the strange quark [48]-[51]. The
cEDM of the strange quark dCs is given in terms of the gluino-sbottom-quark interactions
[37]. The upper bound of the cEDM of the strange quark is given by the experimental upper
bound of the neutron EDM as [51],
e|dCs | < 0.5× 10−25 ecm. (19)
This bound constrains the SUSY flavor mixing angles and the phases in C8G and C˜8G.
However, the experimental data of the direct CP violation in the B0 → K+π− decay gives
a little bit stronger constraint for C8G and C˜8G in our framework. Therefore, we omit the
discussion about the cEDM in this work.
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3 Setup of squark flavor mixing
Let us discuss the gluino-squark mediated flavor changing process as the dominant SUSY
contribution of the b → s transition. We give the 6 × 6 squark mass matrix to be Mq˜
(q˜ = u˜, d˜) in the super-CKM basis. In order to go to the diagonal basis of the squark mass
matrix, we rotate Mq˜ as
m˜2q˜,diagonal = Γ
(q)
G M
2
q˜ Γ
(q)†
G , (20)
where Γ
(q)
G is the 6 × 6 unitary matrix, and we decompose it into the 3 × 6 matrices as
Γ
(q)
G = (Γ
(q)
GL, Γ
(q))
GR )
T in the following expressions. Then, the gluino-squark-quark interaction
is given as
Lint(g˜qq˜) = −i
√
2gs
∑
{q}
q˜∗i (T
a)G˜a
[
(Γ
(q)
GL)ijL + (Γ
(q)
GR)ijR
]
qj + h.c. , (21)
where G˜a denotes the gluino field, and L and R are projection operators. This interaction
leads to the gluino-squark mediated flavor changing process with ∆B = 2 and ∆B = 1
through the box and penguin diagrams.
We take the split-family scenario, in which the first and second family squarks are very
heavy, O(10 − 100) TeV, while the third family squark masses are at O(1) TeV. Therefore,
the first and second squark contribution is suppressed in the gluino-squark mediated flavor
changing process by their heavy masses. In addition, we also assume the flavor symmetry
such as U(2) [52] in order to suppress FCNC enough in the neutral K meson system [53]. The
stop and sbottom interactions dominate the gluino-squark mediated flavor changing process.
Then, the sbottom interaction contributes ∆B = 2 and ∆B = 1 processes. We take a suitable
parametrizations of Γ
(d)
GL and Γ
(d)
GR as follows [54]:
Γ
(d)
GL =
 1 0 δdL13 cθ 0 0 −δdL13 sθeiφ0 1 δdL23 cθ 0 0 −δdL23 sθeiφ
−δdL13 ∗ −δdL23 ∗ cθ 0 0 −sθeiφ
 ,
Γ
(d)
GR =
0 0 δdR13 sθe−iφ 1 0 δdR13 cθ0 0 δdR23 sθe−iφ 0 1 δdR23 cθ
0 0 sθe
−iφ −δdR13 ∗ −δdR23 ∗ cθ
 , (22)
where cθ = cos θ and sθ = sin θ, with the mixing angle θ in the b˜L,R sector and δ
dL
j3 , δ
dR
j3
are the couplings responsible for the flavor transitions. The mixing angle θ comes from the
trilinear SUSY breaking terms. If this breaking is neglected, θ vanishes. In our work, we
suppose the large µ tanβ, which leads to the non-negligible mixing angle θ in the b˜L − b˜R
sector. By using these rotation matrices, we estimate the gluino-sbottom mediated flavor
changing amplitudes in the Bs meson decay.
For the numerical analysis, we fix sbottom masses. The third family squarks can have
substantial mixing between the left-handed squark and the right-handed one due to the large
6
Yukawa coupling, that is the large µ tanβ. In our numerical calculation, we take the typical
mass eigenvalues mb˜1 and mb˜2 , and the gluino mass mg˜ as follows:
mb˜1 = 1 TeV, mb˜2 = 1.5 TeV, mg˜ = 2 TeV, (23)
where we take account of the present experimental bounds [23]. Once we fix mass eigenvalues
m1, m2 and µ tanβ, we can estimate the mixing angle θ between the left-handed sbottom
and the right-handed one [55]. Taking µ tanβ = 20 − 50 TeV, we estimate θ in the range
of 4◦ − 10◦, which is used in our numerical calculations. If we take µ tanβ ≪ 20 TeV, the
left-right mixing angle θ is much less than O(1◦). Then, the SUSY contribution in C8G
and C7γ are tiny because the left-right mixing dominates C8G and C7γ . The smaller mass
difference mb˜2 −mb˜1 gives the larger mixing angle θ. However, our results does not so change
since the SUSY contribution depends on the combination of θ and the mass deference as
sin 2θ × (m2
b˜2
−m2
b˜1
) in our scheme.
The relevant mixing angles are δdL23 and δ
dR
23 for Bs → K+K− and Bs → K0K
0
decays.
These mixing angles are complex, and then we take
|δdR23 | = |δdL23 | , (24)
for simplicity. On the other hand, the phases of δdR23 and δ
dL
23 are free parameters, which are
are constrained by experimental data.
We comment on our assumption in Eq.(24). This one may be motivated from the SO(10)
GUT model with SUSY apart from phases. In practice, this case of Eq.(24) give us the
largest SUSY contribution in our prediction because the SUSY one is symmetric for δdR23 and
δdL23 in our framework. Therefore, our predicted region of the CP violations is not changed
even if this assumption is relaxed.
4 Numerical Results
We show predicted numerical results of the CP violation in our framework. Let us start with
presenting the SM prediction of the direct CP asymmetry of the B0 → K+π− process
A(B¯0 → K−π+) = |A¯(B¯
0 → K−π+)|2 − |A(B0 → K+π−)|2
|A¯(B¯0 → K−π+)|2 + |A(B0 → K+π−)|2 . (25)
The predicted asymmetry depends on |Vub| and γ in the SM. We show it versus |Vub| in
Figure 1(a), where the recent measurements of |Vub| and γ are taken as follows [56]:
|Vub| = (3.82± 0.56)× 10−3 , γ = (70.8± 7.8)◦ , (26)
and other input parameters in our calculation are summarized in Table 1.
As seen in Figure 1(a), the SM prediction completely agrees with the observed value
−0.0082 ± 0.006 [43]. The predicted asymmetry is linear dependent on |Vub|. As far as
|Vub| = (3.2 − 4.2) × 10−3, our prediction is successful. Our prediction is not sensitive to γ
in the region of γ = (70.8 ± 7.8)◦ since sin γ is not so changed. More precise data of the
asymmetry and |Vub| is crucial test of our SM prediction with the QCD factorization.
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αs(MZ) = 0.1184 [46]
ms(2GeV) = 0.095 GeV [46]
mc(mc) = 1.275 GeV [46]
mb(mb) = 4.18 GeV [46]
mt(mt) = 160.0 GeV (MS) [46]
MBs = 5.36677(24) GeV [46]
∆MBs = (116.942± 0.1564)× 10−13 GeV [7]
fBs = (233± 10) MeV [56]
fpi = (130.7± 0.4) MeV [46]
fK = (156.1± 1.1) MeV [46]
λ = 0.2255(7) [46]
|Vcb| = (4.12± 0.11)× 10−2 [56]
Table 1: Input parameters in our calculation.
We also present the CP averaged branching ratio versus the form factor FB
0→K(0) in
Figure 1(b), in which the magnitude of the form factor is taken to be FB
0→K(0) = 0.26−0.42
[57]. The CP averaged branching ratio is also consistent with the observed one if FB
0→K(0) =
0.37 − 0.42. We omit figures of the |Vub| and γ dependences of the branching ratio because
it is insensitive to |Vub| and γ.
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Figure 1: Predictions of (a) the asymmetery versus |Vub| and (b) the branching ratio versus
the form factor FB
0→K(0) in the B0 → K+π− decay. The inside between dashed red lines
denotes the experimental allowed region at 90%C.L.
The agreement between the SM prediction and the experimental data indicates that the
SUSY contribution is constrained severely by the direct CP violation of B¯0 → K−π+. We
have searched the allowed parameter region of δ
dL(dR)
23 by scattering the magnitude of δ
dL(dR)
23
and these phases in the region of 0 ∼ 0.1 and −π ∼ π, respectively. These parameters are
constrained by the mass difference ∆MBs , the CP violating phase φs in Bs → J/ψφ decay
and the branching ratio of the b → sγ decay. In addition to these data, the asymmetry of
A(B¯0 → K−π+) constrains the magnitude of δdL(dR)23 . We show the predicted asymmetry
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versus the magnitude of δ
dL(dR)
23 in Figure 2, where its phase is taken in −π ∼ π. It is found
that the SUSY contribution becomes important in the region of |δdL(dR)23 | ≥ 0.01.
We also present the predicted branching ratio of the b→ sγ decay versus the magnitude
of δ
dL(dR)
23 in Figure 3. The significant contribution of the SUSY effect is also seen in the
region of |δdL(dR)23 | ≥ 0.01.
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Figure 2: The predicted A(B¯0 → K−π+)
versus |δdL(dR)23 |. The inside between
dashed red lines denotes the experimen-
tal allowed region at 90%C.L.
0.00 0.01 0.02 0.03 0.04 0.05 0.06
0
2
4
6
8
È∆23
dL HdRL
È
BR
Hb
®
sΓ
L
10
4
Figure 3: The predicted branching ra-
tio of b → sγ versus |δdL(dR)23 |. The inside
between dashed red lines denotes the ex-
perimental allowed region at 90%C.L.
Let us show the allowed region on the plane of |δdL(R)23 | and those phases, taking account
of ∆MBs , φs in Bs → J/ψφ decay, the branching ratio of b → sγ, and the asymmetry
A(B¯0 → K−π+). The input experimental data are taken at 90 % C.L. We present the allowed
region of |δdL(R)23 | versus (arg δdL23 + arg δdR23 ) in Figure 4(a), and versus (arg δdL23 − arg δdR23 ) in
Figure 4(b) with |δdL23 | = |δdR23 |, respectively. It is found that the squark flavor mixing is
allowed in the region of |δdL23 | ≤ 0.02 for all region of the phase. If two phases arg δdL23 and
arg δdR23 are tuned to suppress the imaginary part, |δdL23 | is allowed up to 0.05.
Now we can predict the CP violations of the Bs → K+K− and Bs → K0K0 decays
under the constraint of δdL23 of Figure 4. We show the predicted regions among CK+K−,
SK+K−, CK0K¯0 and SK0K¯0 in Figures 5(a)-5(d). As seen in Figure 5(a), the predicted region
of CK+K− is strongly cut by the constraint from the direct CP violation of B¯0 → K−π+.
Therefore, the deviation from the SM prediction of CK+K− is not found. On the other hand,
SK+K− is possibly deviated from the SM prediction considerably, that is expected to be in
0.1 ∼ 0.5. The precise measurement of SK+K− is important to search for the SUSY effect.
As seen in Figure 5(b), the SM predictions of CK0K¯0 and SK0K¯0 are very small since we
have
A¯(B¯s → K0K¯0)
A(Bs → K0K¯0) ≃
VtbV
∗
ts
V ∗tbVts
,
q
p
≃ V
∗
tbVts
VtbV ∗ts
, λK0K¯0 ≃ 1 , (27)
where the CKM matrix elements canceled out each other in λK0K¯0. Since the SUSY contribu-
tion violates this cancellation, we expect the observation of the CP violation for both CK0K¯0
9
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Figure 4: The allowed region of |δdL(R)23 | versus (a) the sum of two phases and (b) the difference
of two phases.
and SK0K¯0 in the Bs → K0K¯0 decay. These predicted magnitudes are roughly proportional
to each other in the region CK0K¯0 = −0.06 ∼ 0.06 and SK0K¯0 = −0.5 ∼ 0.3.
We show the correlations between CK0K¯0 and CK+K− in Figures 5(c), and between SK0K¯0
and SK+K− in Figures 5(d), respectively. While the predicted value of CK+K− is restricted
around 0.1, CK0K¯0 is expected in the region of −0.06 ∼ 0.06. On the other hand, SK0K¯0 is
roughly proportional to SK+K−, which gives us a crucial test for the SUSY contribution.
5 Summary
In order to search for the gluino-squark mediated flavor changing effect, we have studied
the CP violations in the Bs → K+K− and Bs → K0K0 processes, in which the b → s
transition penguin amplitudes dominate the decays. We have searched for the allowed region
of the flavor mixing δdL23 , by putting the experimental data the mass difference ∆MBs , the CP
violating phase φs in Bs → J/ψφ decay and the b→ sγ branching ratio. In addition to these
data, we have taken into account the constraint from the asymmetry of B0 → K+π− because
the Bs → K+K− decay is related with the B0 → K+π− decay by replacing the spectator s
with d. We have obtained the constraint of |δdL23 | ≤ 0.05.
Under the constraint, we have predicted the CP violations in the Bs → K+K− and
Bs → K0K0 decays. The predicted region of the CP violation CK+K− is strongly cut by the
constraint from the direct CP violation of B¯0 → K−π+, which is well agreement with the
SM prediction with the QCD factorization calculation, Therefore, the deviation from the SM
prediction of CK+K− is not expected. On the other hand, SK+K− is possibly deviated from
the SM prediction considerably, in the region of 0.1 ∼ 0.5. Since the SM predictions of CK0K¯0
and SK0K¯0 are tiny, the SUSY contribution is expected to be detectable in CK0K¯0 and SK0K¯0.
These expected magnitudes are in the region CK0K¯0 = −0.06 ∼ 0.06 and SK0K¯0 = −0.5 ∼ 0.3.
We expect more precise data of the CP violations in these decays, which provide us a crucial
test for the SUSY contribution.
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Figure 5: The predicted CP violations of (a) CK+K− − SK+K−, (b) CK0K¯0 − SK0K¯0, (c)
CK0K¯0 − CK+K−, and (d) SK0K¯0 − SK+K−. The inside between dashed red lines denotes the
experimental allowed region at 90%C.L., and yellow regions denote the SM predictions.
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Appendix
A Loop integral in penguins
The loop integrals in Eq.(5) are given as follows [38, 39]:
11
FM2 = −12 ln
µ
mb
− 18 + f IM2 + f IIM2,
f IM2 =
∫ 1
0
dx g(x)φM2(x), g(x) = 3
1− 2x
1− x ln x− 3iπ,
f IIM2 =
4π2
N
fM1fB
fB→M1+ (0)M2B
∫ 1
0
dz
φB(z)
z
∫ 1
0
dx
φM1(x)
x
∫ 1
0
dy
φM2(y)
y
,
GM2,g = −
∫ 1
0
dx
2
x¯
φM2(x),
GM2(sq) =
2
3
− 4
3
ln
µ
mb
+ 4
∫ 1
0
dxφM2(x)
∫ 1
0
du uu¯ ln[sq − uu¯x¯− iǫ],
G′M2,g = −
∫ 1
0
dx
3
2
φ0M2(x) = −
3
2
,
G′M2(sq) =
1
3
− ln µ
mb
+ 3
∫ 1
0
dxφ0M2(x)
∫ 1
0
du uu¯ ln[sq − uu¯x¯− iǫ], (28)
where x¯ = 1− x and u¯ = 1− u. The internal quark mass in the penguin diagrams enters as
sf = m
2
f/m
2
b . The functions φ(x) and φ
0(x) are meson’s leading-twist distribution amplitude
and twist-3 distribution amplitude, respectively. For π and K mesons, we use well known
form [58, 59]:
φpi,K(x) = 6x(1− x) , φ0pi,K(x) = 1 . (29)
For the B meson, we use [60, 61, 62]
φB(x) = NBx
2(1− x)2 exp
[
−M
2
Bx
2
2ω2B
]
, (30)
where ωB = 0.4GeV, and 0.5GeV for the B
0 and Bs mesons, respectively, and NB is the
normalization constant to make
∫ 1
0
dxφB(x) = 1.
B Squark contribution in ∆B = 1 process
The Wilson coefficients for the gluino contribution in Eq.(1) are written as [63]
C g˜7γ(mg˜) =
8
3
√
2αsπ
2GFVtbV ∗tq
×
[(
Γ
(d)
GL
)∗
k3
m2
d˜3
{(
Γ
(d)
GL
)
33
(
−1
3
F2(x
3
g˜)
)
+
mg˜
mb
(
Γ
(d)
GR
)
33
(
−1
3
F4(x
3
g˜)
)}
+
(
Γ
(d)
GL
)∗
k6
m2
d˜6
{(
Γ
(d)
GL
)
36
(
−1
3
F2(x
6
g˜)
)
+
mg˜
mb
(
Γ
(d)
GR
)
36
(
−1
3
F4(x
6
g˜)
)}]
, (31)
12
C g˜8G(mg˜) =
8
3
√
2αsπ
2GFVtbV ∗tq
[(
Γ
(d)
GL
)∗
k3
m2
d˜3
{(
Γ
(d)
GL
)
33
(
−9
8
F1(x
3
g˜)−
1
8
F2(x
3
g˜)
)
+
mg˜
mb
(
Γ
(d)
GR
)
33
(
−9
8
F3(x
3
g˜)−
1
8
F4(x
3
g˜)
)}
+
(
Γ
(d)
GL
)∗
k6
m2
d˜6
{(
Γ
(d)
GL
)
36
(
−9
8
F1(x
6
g˜)−
1
8
F2(x
6
g˜)
)
+
mg˜
mb
(
Γ
(d)
GR
)
36
(
−9
8
F3(x
6
g˜)−
1
8
F4(x
6
g˜)
)}]
, (32)
where k = 2, 1 correspond to b → q (q = s, d) transitions, respectively. The loop functions
Fi(x
I
g˜) are given as
F1(x
I
g˜) =
xIg˜ log x
I
g˜
2(xIg˜ − 1)4
+
(xIg˜)
2 − 5xIg˜ − 2
12(xIg˜ − 1)3
,
F2(x
I
g˜) = −
(xIg˜)
2 log xIg˜
2(xIg˜ − 1)4
+
2(xIg˜)
2 + 5xIg˜ − 1
12(xIg˜ − 1)3
,
F3(x
I
g˜) =
log xIg˜
(xIg˜ − 1)3
+
xIg˜ − 3
2(xIg˜ − 1)2
,
F4(x
I
g˜) = −
xIg˜ log x
I
g˜
(xIg˜ − 1)3
+
xIg˜ + 1
2(xIg˜ − 1)2
=
1
2
g2[1](x
I
g˜, x
I
g˜) , (33)
with xIg˜ = m
2
g˜/m
2
d˜I
(I = 3, 6). The NLO of these Wilson coefficients are omitted. We also
omit other Wilson coefficients which are the NLO contributions to our numerical calculations.
The Wilson coefficients C˜ g˜i (mg˜)’s are obtained by replacing L(R) with R(L) in C
g˜
i (mg˜)’s.
The Wilson coefficients of C g˜7γ(mb) and C
g˜
8G(mb) at the mb scale are given at the leading
order of QCD as follows [40]:
C g˜7γ(mb) = ζC
g˜
7γ(mg˜) +
8
3
(η − ζ)C g˜8G(mg˜),
C g˜8G(mb) = ηC
g˜
8G(mg˜),
(34)
where
ζ =
(
αs(mg˜)
αs(mt)
) 16
21
(
αs(mt)
αs(mb)
) 16
23
, η =
(
αs(mg˜)
αs(mt)
) 14
21
(
αs(mt)
αs(mb)
) 14
23
. (35)
C Squark contribution in ∆B = 2 process
The ∆B = 2 effective Lagrangian from the gluino-sbottom-quark interaction is given as
L∆F=2eff =−
1
2
[CV LLOV LL + CV RROV RR]
− 1
2
2∑
i=1
[
C
(i)
SLLO
(i)
SLL + C
(i)
SRRO
(i)
SRR + C
(i)
SLRO
(i)
SLR
]
, (36)
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then, the P 0-P¯ 0 mixing, M12, is written as
M12 = − 1
2mP
〈P 0|L∆F=2eff |P¯ 0〉 . (37)
The hadronic matrix elements are given in terms of the non-perturbative parameters Bi as:
〈P 0|OV LL|P¯ 0〉 = 2
3
m2Pf
2
PB1, 〈P 0|OV RR|P¯ 0〉 = 〈P 0|OV LL|P¯ 0〉,
〈P 0|O(1)SLL|P¯ 0〉 = −
5
12
m2Pf
2
PRPB2, 〈P 0|O(1)SRR|P¯ 0〉 = 〈P 0|O(1)SLL|P¯ 0〉,
〈P 0|O(2)SLL|P¯ 0〉 =
1
12
m2Pf
2
PRPB3, 〈P 0|O(2)SRR|P¯ 0〉 = 〈P 0|O(2)SLL|P¯ 0〉,
〈P 0|O(1)SLR|P¯ 0〉 =
1
2
m2Pf
2
PRPB4, 〈P 0|O(2)SLR|P¯ 0〉 =
1
6
m2Pf
2
PRPB5, (38)
where
RP =
(
mP
mQ +mq
)2
, (39)
with (P,Q, q) = (Bd, b, d), (Bs, b, s).
The Wilson coefficients for the gluino contribution in Eq. (36) are written as [63]
CV LL(mg˜) =
α2s
m2g˜
6∑
I,J=1
(λ
(d)
GLL)
ij
I (λ
(d)
GLL)
ij
J
[
11
18
g2[1](x
g˜
I , x
g˜
J) +
2
9
g1[1](x
g˜
I , x
g˜
J)
]
,
CV RR(mg˜) = CV LL(mg˜)(L↔ R),
C
(1)
SRR(mg˜) =
α2s
m2g˜
6∑
I,J=1
(λ
(d)
GLR)
ij
I (λ
(d)
GLR)
ij
J
17
9
g1[1](x
g˜
I , x
g˜
J),
C
(1)
SLL(mg˜) = C
(1)
SRR(mg˜)(L↔ R),
C
(2)
SRR(mg˜) =
α2s
m2g˜
6∑
I,J=1
(λ
(d)
GLR)
ij
I (λ
(d)
GLR)
ij
J
(
−1
3
)
g1[1](x
g˜
I , x
g˜
J),
C
(2)
SLL(mg˜) = C
(2)
SRR(mg˜)(L↔ R),
C
(1)
SLR(mg˜) =
α2s
m2g˜
6∑
I,J=1
{
(λ
(d)
GLR)
ij
I (λ
(d)
GRL)
ij
J
(
−11
9
)
g2[1](x
g˜
I , x
g˜
J)
+ (λ
(d)
GLL)
ij
I (λ
(d)
GRR)
ij
J
[
14
3
g1[1](x
g˜
I , x
g˜
J)−
2
3
g2[1](x
g˜
I , x
g˜
J)
]}
,
C
(2)
SLR(mg˜) =
α2s
m2g˜
6∑
I,J=1
{
(λ
(d)
GLR)
ij
I (λ
(d)
GRL)
ij
J
(
−5
3
)
g2[1](x
g˜
I , x
g˜
J)
+ (λ
(d)
GLL)
ij
I (λ
(d)
GRR)
ij
J
[
2
9
g1[1](x
g˜
I , x
g˜
J) +
10
9
g2[1](x
g˜
I , x
g˜
J)
]}
, (40)
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where
(λ
(d)
GLL)
ij
K = (Γ
(d)†
GL )
K
i (Γ
(d)
GL)
j
K , (λ
(d)
GRR)
ij
K = (Γ
(d)†
GR )
K
i (Γ
(d)
GR)
j
K ,
(λ
(d)
GLR)
ij
K = (Γ
(d)†
GL )
K
i (Γ
(d)
GR)
j
K , (λ
(d)
GRL)
ij
K = (Γ
(d)†
GR )
K
i (Γ
(d)
GL)
j
K . (41)
Here we take (i, j) = (1, 3), (2, 3) which correspond to the B0 and Bs mesons, respectively.
The loop functions are given as follows:
• If xg˜I 6= xg˜J (xg˜I,J = m2d˜I,J/m
2
g˜),
g1[1](x
g˜
I , x
g˜
J) =
1
xg˜I − xg˜J
(
xg˜I log x
g˜
I
(xg˜I − 1)2
− 1
xg˜I − 1
− x
g˜
J log x
g˜
J
(xg˜J − 1)2
+
1
xg˜J − 1
)
,
g2[1](x
g˜
I , x
g˜
J) =
1
xg˜I − xg˜J
(
(xg˜I)
2 log xg˜I
(xg˜I − 1)2
− 1
xg˜I − 1
− (x
g˜
J )
2 log xg˜J
(xg˜J − 1)2
+
1
xg˜J − 1
)
. (42)
• If xg˜I = xg˜J ,
g1[1](x
g˜
I , x
g˜
I) = −
(xg˜I + 1) log x
g˜
I
(xg˜I − 1)3
+
2
(xg˜I − 1)2
,
g2[1](x
g˜
I , x
g˜
I) = −
2xg˜I log x
g˜
I
(xg˜I − 1)3
+
xg˜I + 1
(xg˜I − 1)2
. (43)
In this paper, we take (I, J) = (3, 3), (3, 6), (6, 3), (6, 6), because we assume the split-family.
The effective Wilson coefficients are given at the leading order of QCD as follows:
CV LL(mb) =η
B
V LLCV LL(mg˜) , CV RR(mb) = η
B
V RRCV LL(mg˜) ,(
C
(1)
SLL(mb)
C
(2)
SLL(mb)
)
=
(
C
(1)
SLL(mg˜)
C
(2)
SLL(mg˜)
)
X−1LLη
B
LLXLL ,(
C
(1)
SRR(mb)
C
(2)
SRR(mb)
)
=
(
C
(1)
SRR(mg˜)
C
(2)
SRR(mg˜)
)
X−1RRη
B
RRXRR ,(
C
(1)
SLR(mb)
C
(2)
SLR(mb)
)
=
(
C
(1)
SLR(mg˜)
C
(2)
SLR(mg˜)
)
X−1LRη
B
LRXLR , (44)
where
ηBV LL = η
B
V RR =
(
αs(mg˜)
αs(mt)
) 6
21
(
αs(mt)
αs(mb)
) 6
23
,
ηBLL = η
B
RR = SLL
(
η
d1LL
bg˜ 0
0 η
d2LL
bg˜
)
S−1LL , η
B
LR = SLR
(
η
d1LR
bg˜ 0
0 η
d2LR
bg˜
)
S−1LR ,
ηbg˜ =
(
αs(mg˜)
αs(mt)
) 1
14
(
αs(mt)
αs(mb)
) 3
46
,
(45)
15
d1LL =
2
3
(1−
√
241), d2LL =
2
3
(1 +
√
241) , d1LR = −16, d2LR = 2,
SLL =
(
16+
√
241
60
16−√241
60
1 1
)
, SLR =
(−2 1
3 0
)
,
XLL = XRR =
(
1 0
4 8
)
, XLR =
(
0 −2
1 0
)
.
(46)
For the parameters B
(s)
i (i = 2− 5) of the Bs meson, we use values in [64] as follows:
B
(Bs)
2 (mb) = 0.80(1)(4), B
(Bs)
3 (mb) = 0.93(3)(8),
B
(Bs)
4 (mb) = 1.16(2)(
+5
−7), B
(Bs)
5 (mb) = 1.75(3)(
+21
−6 ) . (47)
On the other hand, we use the most updated value for Bˆ
(s)
1 as [56, 65]
Bˆ
(Bs)
1 = 1.33± 0.06 . (48)
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